Summary. The production of enterotoxin A, B, C and D by 196 Staphylococcus aureus strains isolated from blood cultures and 95 strains from nasal carriers was investigated. Half of the bacteraemia strains were from patients who died with or because of their infection, the other half from patients who survived. The nasal strains were selected to match the bacteraemia strains regarding phage types. Overall, 30.6% of the bacteraemia strains and 40.0% of the nasal strains produced enterotoxins; enterotoxins B and C were the toxins produced most frequently in both groups. A similar incidence and pattern of enterotoxin production was found among the bacteraemia strains of S. aureus regardless of acquisition of the infection, the portal of entry, presence or absence of endocarditis and outcome of the infection. Thus, the concept that the enterotoxins play an important role in staphylococcal infections, apart from the diseases caused by the toxins per se such as food poisoning and toxic shock syndrome, cannot be substantiated by the results of the present study.
Introduction
The staphylococcal enterotoxins are a series of biologically active proteins known to be responsible for staphylococcal food poisoning.' Evidence has accumulated to indicate that the enterotoxins may play a role in some cases of toxic shock syndrome (TSS).2y Furthermore, animal studies have shown that intravenous injection of enterotoxins A and B into rhesus monkeys can produce many of the signs and symptoms associated with TSS.l Crass and Bergdol12 examined Staphylococcus aureus isolates from 5 5 patients, who had either confirmed or probable nonmenstrual TSS, and found that eight of the isolates did not produce toxic shock syndrome toxin-1 (TSST-I), but these strains produced staphylococcal enterotoxin B.
Whether the enterotoxins play other roles in the pathogenesis of serious infections caused by S. aureus is debated and still remains unclear. However, recently Humphreys et aL4 reported a higher incidence of enterotoxin production among isolates from patients with septicaemia than among nasal isolates from healthy people.
The aim of the present study was to investigate the
Materials and methods
In Denmark almost all S. aureus strains isolated from blood cultures are referred to the Staphylococcus Laboratory, Statens Seruminstitut, for phage typing. The hospital departments involved are asked to provide further clinical information, which is achieved in all but a few cases. A number of clinical data are recorded, including the presence of endocarditis and osteomyelitis or arthritis, portal of entry, such as lungs, post-operative wounds, skin or unknown, whether the infection is nosocomial or communityacquired and the outcome (morbidity or lethality) of the infection.
Bacterial strains
The study was conducted in three parts. In the first part, the incidence of enterotoxin production among isolates originating from patients with bacteraemia of different acquisition, different portals of entry, with and without endocarditis or haematogenous bone or joint involvement, and with different outcomes of the infection were examined. For this purpose, some of the staphylococcal strains isolated from blood in 199 1 were investigated. Strains which were isolated from a single blood culture yielding two (or more) different S. aureus strains were excluded. The rest of the isolates were divided into two subpopulations : (1) the isolates originating from patients who died with or because of their bacteraemia, and (2) the isolates originating from patients who survived their bacteraemic episode. From the first subpopulation (patients who died) the following groups were selected sequentially : (a) 17 isolates from patients with endocarditis, (b) 25 isolates from patients with haematogenous osteomyelitis or arthritis, (c) 39 isolates from patients with pneumonia and (d) 17 isolates from patients with bacteraemia due to deep wound infection. Next, for these 98 isolates it was determined whether infection was present on admission (community-acquired), nosocomial or unknown. From the second subpopulation (living patients), 98 S. aureus isolates were selected with comparable infections, portals of entry and source of acquisition of S. aureus. The results of this first part of the study showed a higher incidence of enterotoxin production among the strains belonging to phage group I11 originating from patients who died compared with the incidence of enterotoxin production among phage group I11 strains which originated from patients who survived. Therefore, in the second part of the study we investigated this aspect further. From the original collection of bacteraemia strains from 199 1, all the remaining isolates belonging to phage group I11 (89 isolates) were examined to determine the incidence of enterotoxin production.
In the third part of the study, the incidence of enterotoxin production was examined in 95 S. aureus isolates from the anterior nares which were collected during a study of nasal carriage of staphylococci amongst healthy p e~p l e .~ The incidence of enterotoxin production has been reported to differ between different phage groups, and, therefore, the nasal carriage strains were selected to correspond to the bacteraemia strains examined in the first part of the study with regard to phage groups. The 95 isolates were picked from a total of 183 isolates. The only differences between the 95 and 183 isolates were a higher frequency (24-2 YO versus 13-1 YO) of group I1 strains and a lower frequency of mixed types (6.3% versus 19-1 YO) and non-typable strains (8-4 YO versus 15.8 Yo).
Bacteriophage typing
Phage typing was performed according to the method of Blair and Williams' with the present international set of typing phages. The subdivision into phage groups and complexes was done according to Parker.'
Detection of S. aureus enterotoxins
Production of S. aureus enterotoxins A, B, C and D was detected with kits purchased from Oxoid (Unipath) by means of reverse passive latex agglutination.
Stat is t ical analysis
appropriate ; p < 0.05 was considered significant. The x2 test or Fisher's exact test were applied when
Results
A total of 1036 S. aureus strains isolated from blood cultures was referred to the Staphylococcus Laboratory in 1991 ; 18 strains were excluded because they were isolated from blood cultures which yielded more than one strain. From the remaining 1018 isolates, 196 were examined for production of enterotoxin A, B, C and D in the first part of the study. Sixty (30.6%) of the 196 bacteraemia isolates produced one or two enterotoxins ; 53 produced a single enterotoxin and seven produced two. Enterotoxin production by the bacteraemia strains in relation to the different selection criteria is shown in table I. The isolates selected from patients with endocarditis showed a non-significantly higher frequency of enterotoxin production than those from patients without endocarditis (41.2 YO versus 28.4Y0, p = 0-21), whereas the opposite was the case when the isolates from the patients with osteomyelitis or arthritis were compared with those from the patients without (1 8.5 YO versus 35.2 YO), and this difference was statistically significant (p = 0.03). Also, the incidence of production of enterotoxins in the endocarditis group was statistically higher than in the haematogenous osteomyelitis or arthritis group (p = 0.04). Considering the different portals of entry of the infections, only minor and non-significant differences in enterotoxin production were observed (table I) . Whether the infection was hospital-or communityacquired or of unknown acquisition did not seem to be of any importance; almost identical incidences of enterotoxin production were found in the three categories. Thirty-two of the isolates (32-7 %) collected from patients who survived produced enterotoxins as compared with 28 isolates (28.6 YO) from patients who died of, or with, their infection.
In table 11, the 196 bacteraemia strains are divided according to phage-type pattern. The present investigation confirms that enterotoxin production occurs rarely among group I1 strains and that strains of type 95 predominantly produce enterotoxin C and strains of the 94/96 complex enterotoxin B. Within strains of each phage-type pattern, enterotoxin production was not significantly different in strains from patients who died compared with those who survived. However, a somewhat higher incidence of enterotoxin production was observed among group I11 strains *Some isolates produced more than one enterotoxin, therefore the total may be less than the sum of the individual enterotoxins. * Some isolates produced more than one enterotoxin, therefore the total may be less than the sum of the individual enterotoxins.
from patients who died, compared to those from patients who survived. Therefore, another 89 strains belonging to phage group 111, giving a total of 108 bacteraemia S. aureus isolates, were examined for enterotoxin production. However, with this larger number of strains no differences were detected between the incidence of enterotoxin production among the isolates originating from patients who died (46.2 %, 12 of 26) and those from patients who survived (37.8 YO,
of 82).
In table I1 enterotoxin production by the 95 nasal carriage S. aureus isolates in relation to phage group is also shown. Overall, 38 (40.0%) of the nasal strains produced enterotoxins ; an incidence very similar to the one observed among the bacteraemia strains (30.6%). None of the nasal isolates produced more than one enterotoxin. Considering the different phage groups, the nasal strains belonging to phage group 83A (75.0 YO) and the mixed group (83.3 %) produced enterotoxins more frequently than the corresponding bacteraemia strains (1 8.8 YO and 36.4 %, respectively).
However, none of these differences was statistically significant (p = 0.12 and p = 0-18). The only statistically significant difference was found in the nontypable group where seven of eight (87.5%) nasal strains produced enterotoxin compared with 3 1.2 YO of the bacteraemia strains (p = 0.03). The pattern of enterotoxin production was similar in the bacteraemia and nasal carriage groups; enterotoxins C and B were the toxins produced most frequently.
Discussion
S. aureus strains may produce several exo-enzymes and toxins with a considerable range of biological activities.* Only a few staphylococcal diseases, including staphylococcal scalded skin syndrome and TSS, have been related to toxin production'? lo and the exact significance of many of the extracellular proteins in the pathogenesis of infection remains obscure. This holds true even for the staphylococcal enterotoxins, which until recently have not been linked to specific diseases apart from food poisoning. However, it now seems reasonably substantiated that enterotoxin B is responsible for a few cases of non-menstrual TSS.2 '3 In the present study the incidence of enterotoxin production among 196 S. aureus strains isolated from blood cultures was examined. The bacteria were isolated from two subpopulations of patients differing from each other in what was believed to be the most crucial parameter-mortality. Very similar patterns of enterotoxin production were observed amongst the strains from patients who died compared with strains from patients who survived, which strongly disfavours the theory that the enterotoxins play a particularly important role in the ultimate outcome of infection. Similarly, in another study of Danish S. aureus strains, no statistically significant difference was found in the frequency of TSST-1 production between bacteraemia strains from patients who died and those from patients who survived.ll Surprisingly, the isolates from the patients with haematogenous osteomyelitis or arthritis produced enterotoxins less frequently than those from the other patients. However, this difference is probably coincidental rather than real, and no attempt was made to verify this observation by investigating a larger number of strains. Almost exactly the same incidence and pattern of enterotoxin production was observed among the strains causing communityacquired infections as compared with the strains causing nosocomial infection. This observation may merely reflect the fact that phage group patterns among nosocomial and community-acquired strains of S. aureus in Denmark are very similar,12 as enterotoxin production seems to be strongly correlated with particular phage groups. As reported by others, a high frequency of enterotoxin B production was found among strains of the phage complex 94/96 whereas a high frequency of enterotoxin C production was observed among strains of type 95 and the non-typable g r~u p .~*~~*~~ On the other hand, only three of 68 strains of phage group I1 produced enteroto~ins.~~ l4 However, it is of note that the nasal strains produced enterotoxins as frequently as the bacteraemia strains. The nasal strains belonging to the non-typable group produced enterotoxin C more frequently than the corresponding bacteraemia isolates, but apart from this difference, similar patterns of enterotoxin production were observed among the two groups. These results contradict those of Humphreys et uZ.,~ who reported a significant difference between the incidence of enterotoxin production among isolates from patients with septicaemia compared with nasal strains (63 O/ O versus 11 YO, respectively). However, in this previous work relatively few isolates were investigated, i.e., 52 septicaemic and 27 nasal strains.
In conclusion, a similar incidence and pattern of enterotoxin production among strains of S. aureus was found, regardless of the presence or absence of endocarditis, source of acquisition, portal of entry and outcome of the infection, and even among strains isolated from the nares of healthy people. Thus, the concept that staphylococcal enterotoxins play an important role in staphylococcal diseases apart from food poisoning and TSS is not substantiated by the results of the present study.
